Objectives-to evaluate the degree of cadmium induced glomerular impairment and to assess the dose-response relation between cadmium dose and the prevalence of glomerular dysfunction. Methods-A comparison of glomerular filtration rates (GFR) assessed by Cr-EDTA clearance was made in 42 solderers previously exposed to cadmium for at least five years. Blood and urine data were collected at health examinations in 1984, 1989, and 1993 
between cadmium dose and the prevalence of glomerular dysfunction. Methods-A comparison of glomerular filtration rates (GFR) assessed by Cr-EDTA clearance was made in 42 solderers previously exposed to cadmium for at least five years. Blood and urine data were collected at health examinations in 1984, 1989, and 1993 . Individual doses of cadmium were estimated by analysing cadmium in blood. Results-Glomerular lesions induced by cadmium are irreversible and the GFR decreases with the degree of tubular damage. The GFR also decreases with cadmium dose and there is a dose-response relation between blood cadmium and prevalence of glomerular damage with 3*4%/0 prevalence at blood cadmium concentrations below 50 nmoI/l, 33% at blood cadmium concentrations between 50 and 75 nmoi~l and 100% prevalence of glomerular damage when cadmium in blood exceeds 75 nmoIMl. Conclusions-The kidney lesions induced by cadmium are irreversible and the prevalence of those lesions are dose dependent. There is also evidence of a dose related decrease in GFR even a long time after the end of exposure. Exposure to cadmium should therefore be minimised and workers exposed to cadmium should be examined regularly for many years after the end of exposure.
(Occup Environ Med 1995;52:818-822) Keywords : cadmium exposure; glomerular filtration rate Chronic exposure to cadmium causes kidney injury. I The first sign of a renal lesion is a tubular dysfunction, characterised by an increased excretion of proteins with low molecular weight such as 1,-microglobulin.23 Dose- response curves between exposure to cadmium and the prevalence of tubular proteinuria have been well established and form the basis for occupational and environmental threshold values. ' In almost all cases the proteinuria induced by cadmium is irreversible even if exposure has ended.
Research on health effects of cadmium has focused on renal tubular injury. As well as the tubular proteinuria an increased prevalence of proteinuria from larger proteins such as albumin has been noticed in workers exposed to cadmium.7 9 The interpretation of the albuminuria has been debated. 20 Granerus and Aurell calculated that the GFR decreases at 0 4 ml/min/year before 50 years of age and at 1 ml/min/year thereafter, in otherwise healthy people. Throughout the study the ratios between the observed and the reference GFRs were computed and used as the estimates of GFR.
UNITS
Cadmium in blood is given in nmol/l (1 jg/l = 8-9 nmol/l)) and cadmium in urine is given in nmol/mmol creatinine (1 jig/g creatinine = 1 0 nmol/mmol creatinine). P2-Microglobulin in urine is shown as jig/mmol creatinine (1 jg/g creatinine = 0 112 jig/mmol creatinine).
/2-Microglobulin in serum is given in mg/l and 8Jarup, Persson, Elinder serum creatinine in pmol/l (1 mg/100 ml = 88&4 Mmol/l).
STATISTICAL METHODS
Data were analysed with standard regression methods. Multivariate analyses were performed with stepwise regression, including all relevant terms. Analysis of variance was performed to assess variable differences in outcome between subgroups of study subjects. Variables with a skewed distribution were logarithmically transformed to better approximate to the normal distribution necessary for the regression analyses. The limit for significance was set at 0 05. Relative J,2-microblobulin clearance of less than 0-1% were classified as normal, relative 13,-microglobulin clearance of more than 0 1 % but less than 2-5% would indicate a slightly decreased reabsorption, and relative /,-clearance of 2-5% or more was considered to be an indicator of highly decreased tubular reabsorption. Table 1 presents results from the three subgroups with no, slight, and pronounced increase in relative clearance of P,-microglobulin. An increased urinary excretion of cadmium, NAG, and a1-microglobulin paralleled that of 3,2-microglobulin whereas serum and urinary calcium, serum alkaline phosphatase, and serum parathyroid hormone remained unchanged, and the GFR decreased. Analysis of variance showed significant differences in Table 1 Analyses of blood, serum, and urine in 46 solderers exposed to cadmium Figure 2 shows the relation between the GFR and urinary /3-microglobulin.
There was a significant correlation between cumulative exposure to cadmium in work room air and the excretion of cadmium in urine with the regression equation:
*n= 45; tn = 42. B-Cd = blood cadmium; U-Cd = urinary cadmium; S-Ca = serum calcium; U-Ca = urinary culcium; S-ALP = serum alkaline phosphatase; S-PTH = serum parathyroid hormone. '. The 1984 investigation showed a weak but significant correlation between loss of tubular lation between reabsorption (estimated by J32-microglobulin nium in work clearance) and GFR (P < 0-05, r = -047). ls evident from In the 1989 follow up the regression slope was less pronounced and the correlation was not 18 0 36 * significant (r = -0-30). In the present study, 0 44 p the regression slope was again more pronounced and clearly significant (P = 0 0049, r = -0 43). The relation was further !en cumulative strengthened when #,2-microglobulin clearance GFR we first was logarithmically transformed (P = ve cadmium in 0-00081). This finding is in agreement with equation was: previous studies that have shown a correlation ln(cumulative between loss of tubular function and glomerul (with GFR as lar damage as measured by endogenous creatinine clearance.2' Controlling for age, the regression slope /32-microglobulin changed m as the dose only marginally and the correlation remained lation between significant (P = 0-00031).
iS a percentage Table 1 shows that men with slightly and highly decreased tubular function (increased -e value as the P2-microglobulin clearance) had decreased R there was an GFR and increased urinary concentrations of between blood cadmium, NAG, and a,-microglobulin comFunction (table pared ). to cadmium is Figure 2 shows the relation between urinary iich has been #,-microglobulin and GFR, where data for There was a clear dose-effect relation between blood cadmium and decreasing glomerular filtration rate (fig 3) . At a blood cadmium concentration of 100 nmol/l there was a decrease in GFR to 80% of the reference concentration. Furthermore, there was an apparent dose-response relation between blood cadmium and the prevalence of decreased GFR (defined as less than 80% of the reference value, table 2). Although the numbers are fairly small, the indication of an increase in prevalence is obvious.
In a previous investigation of the present study group it was reported that men with high urinary cadmium (> 6-3 nmol/mmol creatinine) more often had a history of renal stones than less exposed workers.9 In a study of battery workers exposed to cadmium we have shown that there is a dose dependent increase in incidence of renal stones.24 A reanalysis of the incidence of renal stones in the present study group is ongoing and will be presented elsewhere.
In conclusion, the tubular and glomerular kidney lesions induced by cadmium are irreversible. The prevalence of these lesions are dose dependent.
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